Summary
platelet therapy appear to have improved survival. The severity of crescent formation, not the presumable etiology, appears to be a reliable prognosticator.
Speculation
A number of disease processes can result in renal damage of sufficient severity to cause crescent formation. The induction, resolution, or progression of crescents to sclerosis may be influenced by anticoagulant therapy.
A retrospective analysis was performed on all pediatric patients seen at The University of Texas Medical Branch at Galveston since 1963 who had a rapid deterioration of renal function in association with an apparent acute onset of glomerulonephritis. Specifically, patients were included in the study population only if they met all of the following requirements: 1) documented glomerulonephritis with red blood cells casts present in the urine or the presence of red blood cells in the urine in association with proteinuria (by Labstix); 2) kidneys of normal or near-normal size, as determined by iv pyelography or tomography; 3) evidence of increasing azotemia (blood urea nitrogen, creatinine) over a maximum period of four months; 4) a renal biopsy specimen in which a substantial percentage of glomeruli were involved. This involvement included variable proliferation of cells in Bowman's space, crescents circumscribing in arc of 180' or more or glomerular obsolescence.
Laboratory data, obtained by standard hospital procedures when the patient was first evaluated, were used in the tabulation of data. Oliguria was defined as a urine output of less than 200 cc/m2/day. Renal biopsies were performed 2 io 16 weeks after the progressive glomerulone~hritis (RPGN), recognized onset of symptoms by a technique which has been described Ellis (13) and further defined by Heptinstall (21) , was first de-previously scribed as an unusual form of acute glomerulonephritis (AGN) Sections for light microscopy were fixed in 2% paraformaidewhich progressed to renal failure, in contrast to the typical course hyde and 2-pm sections were cut and stained with 2 or more of of rapid resolution. A clinical feature which seemed to separate the following: periodic acid-~chiff, methenamhe silver, hematox. RPGN from AGN was a period of prolonged oliguria.
ylin and eosin, and Gomori's trichrome. For irnmunofluorescence, It is now known that the renal histology in RPGN is character-tissues were snap-frozen in -700 isopentane; then 4-pm sections ized by crescent formation with or without endocapillary prolif-were cut and with monospec~fic antisera to human imeration of cells.
munoglobulins and ocmplement (C3). Sections for electron mi-RPGN has been seen in association with a number of systemic croscopy were fixed in 2% paraformaldehyde and embedded in diseases, ana~h~lactOid PUTura, lupus erythe-epoxy resin (Epon 8 12) . Silver to gold sections cut with an matOsus, Goodpasture's mixed cryOglObulinemia, and ultramicrotome were stained with uranyl acetate and lead citrate polyarteritis nodosa (13, 24) . Patients with serologic evidence of and examined in a phillip 200 EM electron microscope^ poststreptococcal AGN (PSAGN) or with biopsy proven membranoproliferative glomerulonephritis may also exhibit a form of RPGN (22) .
RESULTS
Despite the fact that this entity has been recognized for over 30
The demographic data and clinical characteristics at initial years, there is little evidence that any mode of therapeutic inter-presentation, as well as the etiologies and the current status of the vention has altered its outcome. A recent work in this respect has patients in our series are summarized in Tables 1 and 2 . There been with anticoagulant therapy, and there is some experimental were nine males and four females, most of whom were in the early evidence of its efficacy (30), although this remains controversial teenage years. Ten of 13 children presented with edema, and 1 I (6, 7) . There have also been some uncontrolled patients studies also had the onset of gross hematuria 1 to 4 weeks prior to seeking which lend support to the use of these drugs (S), but their medical attention. Eleven of the patients were hypertensive when effectiveness is still in question (14) .
first evaluated, and all were azotemic. All but two of the patients The purpose of this paper is to present our experience with were first thought to have PSAGN; patients 4 and 6 had histories RPGN in children; emphasis will be placed on the clinical char-suggestive of a more chronic process and were thought to have a acteristics at initial presentation. Current concepts of etiology, form of chronic glomerulonephritis. An unusual feature for a particularly of its influence on prognosis, and of the use of patient with acute glomerulonephritis was the degree of anemia. anticoagulant therapy are reviewed.
Nine patients had a hemoglobin concentration of less than 9.0 g 128 ' Rounded off to nearest whole percentage.
Abbreviations: D, dialysis during acute phase; AZO, azothiprine; CY, cylcophosphamide; CH, cyprohepatadine; H, heparin; P, prednisone; WA, warfarin; DIP, dipyridamole. ml/min/m2 (normal 60-80)
% in the absence of any source of external blood loss other than gross hematuria. Reticulocyte counts ranged from 2.0-7.0%, peripheral blood smears showed normal red blood cell morphology, and serum haptoglobin concentration was normal in the two patients in which it was measured. Four patients presented with oliguria; of these, three subsequently developed chronic renal failure. Eight patients had a relative hypergammaglobulinemia with y globulin fraction accounting for 20-50% of the total serum protein.
Eleven of the patients were biopsied within 6 weeks following the onset of symptoms. Salient features are summarized in Table   2 . Immunofluorescent studies were performed in biopsies from nine patients; all showed granular deposits of IgG and C3 of varying intensity (trace to 3+) along glomemlar capillary loops. All specimens also demonstrated positive staining for fibrin/fibrinogen, which tended to be localized almost exclusively in the glomemlar crescents.
Possible etiologies of the RPGN are shown in Table 2 . Seven patients had strong evidence of a preceding streptococcal pharyngitis. Additional criteria by which the diagnosis of a n antecedent streptococcal infections was confirmed are summarized in Table   3 .
Two of the patients in this series had membranoproliferative glomerulonephritis (MPGN), with subendothelial deposit (type I) diagnosed 4 to 12 months after onset.
No associated systemic disease or infection could be documented in 4 patients. Because they exhibited little (patients 11 and 12) or no (patients 2 and 5) intracapillary proliferation, they were considered as instances of idiopathic RPGN ( Table 2) .
Three of eight patients with documented APSGN progressed to renal failure, as did three patients with idiopathic RPGN. Both patients with MPGN are currently doing well with slightly diminished glomerular filtration rates but persistent proteinuria 3 and 8 years later.
A wide variety of therapeutic regimens were used in the treatment of these patients. Since 197 1, heparin has also been used. Of the six patients treated with anticoagulants, only one progressed to renal failure; of the seven patients not treated with anticoagulants, five progressed to renal insufficiency. The patient who died despite anticoagulant therapy had oliguria for two weeks prior to initiation of therapy (urine outputs ranged from 90 to 150 cc/day); following institution of therapy, the output increased to 1200 cc/ day. However, after one month of hospitalization, the patient refused further dialysis or therapy and was discharged. She died at home 6 months later. Other patients on heparin therapy also had substantial increases in urine output and decreases in serum creatinine. DISCUSSION
The difficulty in comparing our experience with RPGN with that of other centers is the lack of a uniform definition of this entity. Early reports were based on autopsy material. Other reports equated the presence of glomerular epithelial crescents with clinical progression to terminal renal failure (13) . Recent studies analyzing renal biopsy material clarified that the presence of crescents does not always portend progressive renal failure(l6). Habib included patients in the RPGN category only when 80% of the glomeruli had crescents occupying an arc of greater than 180". The renal mortality rate was 100%. In contrast, Anand et al. were less stringent, requiring that there be crescents in only 20% of the glomeruli for the diagnosis of RPGN to be established; the renal mortality rate in their series was only 55%. Another complicating factor is that some investigators will exclude patients with an underlying systemic diseaserwhereas others include these patients but exclude those with a streptococcal etiology (22) .
All of our patients had hematuria and proteinuria, features comparable to those compiled from other series (1, 2, 5, 8, 9, 10, 12, 15, 20, 22, 23, 25, 27, 29, 33, 36) . In contrast to adults, who characteristically are normotensive when they present with RPGN (2, 23) 85% of our patients and 80% of the pediatric patients reported elsewhere presented with hypertension. Thus, the clinical picture of pediatric patients with RPGN is in general that of an acute postinfectious glomerulonephritis with a presenting complaint of gross hematuria. In 10 of 13 patients in our series, edema also occurred in association with hypertension.
Two laboratory studies which may be helpful in distinguishing ~atients with RPGN from those with an otherwise uncom~licated ~G N are the hemoglobin concentration and the ~erum'~rotein electrophoresis. Nine of the patients in our series had hemoglobins of less than 9.0 mg/d, a degree of anemia that is unusual for acute glomerulonephritis. Another distinguishing feature of our RPGN patients is the relative hypergammaglobulinemia, particularly when seen in association with heavy proteinuria. Eight patients had y globulin fractions which accounted for greater than 20% of the total serum protein concentration. In four of these, the y globulin fraction accounted for 33% of the total serum proteins. Although this observation has been made previously in adults with RPGN (19) there is no explanation as to why this occurs.
Since the study by Leonard et al. (25) of RPGN in adults, it has been accepted that patients with a streptococcal etiology have a considerably better prognosis. Our data indicate that this concept may not be applicable to the pediatric population. Whereas there was an 80% spontaneous remission rate in Leonard's series of patients with poststreptococcal RPGN, 43% of our patients subsequently developed renal failure. Of these 3 patients with PSAGN who progressed to chronicity, one exhibited severe crescent formation limited to 10% of the glomeruli (patient 3). Biopsy sampling may not have been representative in this patient. Of those patients with evidence of prior streptococcal infection, three of the four who did not receive anticoagulants died, whereas all three who received heparin as part of their therapy have near-normal renal function ( Table 2) . Progression of PSAGN to renal insufficiency has also been reported by others. Thus, documentation of a prior streptococcal infection does not necessarily imply that the RPGN will spontaneously resolve.
Interestingly, all patients in our study with documented poststreptococcal disease had a history of pharyngitis; none had a history of impetigo alone, which accounts for 50-60% of the APSGN seen in our hospital (28, 30) . There is some evidence that local conditions at the site of infection may influence the antigens produced and the responses of circulating antibodies (3 1). Thus, it is tempting to speculate that streptococcal infection of the skin may not lead to RPGN. MPGN was detected in two of the patients in our study population. In contrast to our patients who had MPGN with subendothelial deposits, dense deposit disease is more commonly associated with crescent formation (16) . As outlined by Habib, et al. (18) , these patients often present with gross hematuria, hypertension, and severe anemia. The only surprising feature of our patients is their outcome; both of our patients have persistent proteinuria (approximately 1 g/24 hr) without the nephrotic syndrome, and glomerular filtration rates are still close to normal 3 to 8 years later, respectively. In the largest series reported to date, Habib et al. described 16 children with MPGN who presented with epithelial crescents when first biopsied. Of these 16 patients, 15 progressed to renal failure, most of them within 3 years (18) In contrast, the two patients in our series have continued to improve as evidenced by decreasing proteinuria and increasing glomerular filtration rates. Because the pathogenesis of RPGN is poorly understood, a rational approach to therapy is difficult. Immunofluorescent studies of biopsy material reveal that the initial insult may be due to the formation of immune complexes, in which case a granular distribution of antibiodies and complement as well as fibrinogen can be seen along the glomerular basement membrane (26). Otherwise, antibodies may be directed against the basement membrane itself, in which case a linear pattern of immunofluorescence is seen (26). All of our patients on whom immunofluorescent studies were performed exhibited a granular distribution of both IgG and C s along the glomerular basement membranes with large amounts of fibrin/fibrinogen localized to the crescents, consistent with an immune complex pathogenesis. However, the severity rather than the etiology of the initial insult seems to determine the prognosis. Table 2 shows that in our patients, the more severe the crescent formation, the worse the prognosis. In a recent study, Whitworth et al. (32) correlated the severity of crescent formation with the number of glomeruli involved and related outcome directly to the extent of involvement (32) .
Our patients were treated with a number of agents. Only one patient who received heparin therapy progressed to renal failure. Patient 12 was not treated with anticoagulants because he was referred to our division after five weeks of anuria and a course of dialysis. In this regard, our experience is similar to that of Brown et al. (8) in that patients who presented with prolonged oligoanuria tended to progress to terminal renal failure. However, patient 11 in our series survived despite a period of 12 weeks of oliguria. All but one of the patients which received anticoagulant therapy responded with a dramatic increase in urine output. In two cases, the urine output decreased, and serum creatinine began to rise coincident with withdrawal of therapy. Heparin therapy was reinstituted, and urine output increased; warfarin therapy was begun prior to the discontinuation of heparin, and patients continued to receive warfarin for 3 to 6 months. Patient 2 began to have diuresis 8 weeks after completion of a six-week course of anticoagulant therapy. The only other series comparable to this one is that reported by Brown et al. (8) which also utilized heparin in combination with prednisone, azathioprine or cyclophosphamide, and dipyridamole. The results of that study are similar to ours, but neither study has an adequate control group. In summary, the 13 patients in this series presented as though they have postinfectious acute glomerulonephritis with edema, gross hematuria, and hypertension. Features which distinguished them from the typical AGN patient were the severe anemia, marked azotemia, and, in most of the patients, marked hypergammaglobulinemia. The etiology was most frequently poststreptococcal; three of seven with this etiology progressed to chronic renal failure. However, the severity of the crescent formation, not the etiology, appears to be the most important prognosticator. Heparin therapy was utilized in six patients, five of whom are currently in good health. Since evidence indicates that the prognosis is favorable in patients with less than 20% of the glomeruli showing crescents (2), these patients should not be exposed to unnecessary and possibly hazardous therapy. However, patients with crescents in greater than 50% of the glomeruli deserve a trial of anticoagulation. The only exceptions are patients who present with prolonged oligoanuria; for they do not seem to respond to therapy. Only controlled studies which define the severity and extent of crescent formaton will answer the questions of whom to treat and what kind of therapy to use.
